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ELEVATOR BELT ASSEMBLY WITH NOISE AND 
VIBRATION REDUCING GROOVELESS JACKET 
ARRANGEMENT 



BACKGROUND OF THE INVENTION 



This invention generally relates to load bearing members for use in elevator 
systems. More particularly, this invention relates to an elevator belt assembly 
having a specialized jacket and cord arrangement. 

Elevator systems typically include a cab and counterweight that move within 
a hoistway to transport passengers or cargo to different landings within a building, 
for example. A load bearing member, such as roping or a belt typically moves over 
a set of sheaves and supports the load of the cab and counterweight. There are a 
variety of types of load bearing members used in elevator systems. 

One type of load bearing member is a coated steel belt. Typical 
arrangements include a plurality of steel cords extending along the length of the belt 
assembly^ A jacket is applied over the cords and forms an exterior of the belt 
assembly. Some jacket application processes result in grooves being formed in the 
jacket surface on at least one side of the belt assembly. Some processes also tend to 
cause distortions or irregularities in the position of the steel cords relative to the 
exterior of the jacket along the length of the belt. 

Figure 1, for example, illustrates both of these phenomena. As can be seen, 
the spacing between the exterior of the jacket 20 and the cords 22 varies along the 
length of the belt. As can be appreciated from the illustration, the cords 22 are set 
within the jacket as if they comprise a series of cord segments (i.e., 24, 26) of equal 
length corresponding to the spacing between the grooves 30. The illustration of 
Figure 1 includes an exaggeration of the typical physical cord layout for purposes of 
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illustration. The actual distortions or changes in the position of the cords relative to 
the jacket outer surfaces may not be discernable by the human eye in some 
examples. 

When conventional jacket application processes are used, the manner in 
which the cords are supported during the jacket application process tends to result in 
such distortion in the geometry or configuration of the cords relative to the jacket 
outer surfaces along the length of the belt. 

While such arrangements have proven useful, there is need for improvement. 
One particular difficulty associated with such belt assemblies is that as the belt 
moves in the elevator system, the grooves and the cord placement in the jacket 
interact with other system components such as the sheaves and generate undesirable 
noise, vibration or both. For example, as the belt assembly moves at a constant 
velocity, a steady state frequency of groove contact with the sheaves creates an 
annoying, audible tone. The repeated pattern of changes in the cord spacing from 
the jacket outer surfaces is believed to contribute to such noise generation. 

An alternative arrangement is required to minimize or eliminate the 
occurrence of vibrations or an annoying tone during elevator system operation. This 
invention addresses that need. 



In general terms, this invention provides a belt assembly for use in an 
elevator system and includes a method of making the belt assembly. The belt 
assembly includes a plurality of cords extending generally parallel to a longitudinal 
axis of the belt. A jacket over the cords includes a generally smooth, continuous 
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exterior surface that is adapted to contact sheaves in the elevator system as the belt 
moves. 

[9] A method according to this invention for making an elevator belt assembly 

includes aligning a plurality of cords in a selected arrangement. A urethane material 
is applied to the cords to encase the cords in the jacket such that the jacket has a 
smooth, continuous surface on an exterior of the jacket that is adapted to contact 
sheaves in an elevator system. A select tension is maintained on each of the cords 
while applying the jacket such that the cords are uniformally spaced from the 
smooth, continuous exterior on the jacket. The uniform spacing preferably extends 
jrf along the entire length of the belt assembly. 

[io] A belt assembly designed according to this invention preferably includes 

having the cords positioned within the jacket such that a spacing between the cords 
and the exterior surface on the jacket remains generally uniform along the length of 

y 
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the belt. By controlling the geometry of the cords within the jacket, this invention 
enhances smoothness and quietness during elevator system operation. 

The inventive arrangement eliminates the grooves present on many other 
designs and minimizes any variations in the placement of the cords relative to the 
jacket exterior. Having a more uniform cord placement and a smooth outer jacket 
surface reduces or eliminates the occurrence of an annoying audible tone or 
vibration during elevator operation . 
[12] The various features and advantages of this invention will become apparent 

to those skilled in the art from the following detailed description of the currently 
preferred embodiments. The drawings that accompany the detailed description can 
be briefly described as follows. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[13] Figure 1 schematically illustrates a typical cord geometry relative to outer 

surfaces on a belt jacket according to the prior art. 
[14] Figure 2 schematically illustrates a portion of an example belt assembly 

designed according to an embodiment of this invention, 
[is] Figure 3 is a cross-sectional illustration taken along the lines 3-3 in Figure 2. 

[16] Figure 4 is a schematic illustration of method of making a belt assembly 

designed according to an embodiment of this invention. 
[17] Figure 5 schematically illustrates an example tool for performing a method 

g of this invention. 

I* 

Q [18] Figure 6 schematically illustrates a preferred feature of the example tool also 



if 



shown in Figure 5. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

JjSjj [19] Figures 2 and 3 schematically illustrate a belt assembly 40 that is designed 

for use in an elevator system. A plurality of cords 42 are aligned generally parallel 
to a longitudinal axis of the belt assembly 40. In one example, the cords 42 are 
made of strands of steel wire. 
[20] A jacket 44 covers over the cords 42. The jacket 44 preferably comprises a 

polyurethane-based material. A variety of such materials are commercially available 
and known in the art to be useful for elevator belt assemblies. In one example, the 
preferred urethane material is an ether based polyurethane. In a particular example, 
an MDI ether based material is preferred for one particular embodiment of this 
invention. 
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The jacket material preferably has characteristics that render the belt 
assembly useful over long periods of time within an elevator system. The friction 
characteristics of the jacket material preferably are controlled precisely. In one 
example, a friction co-efficient value of 0.2 is the minimum preferred co-efficient. 
Having sufficient jacket friction characteristics ensures proper traction during 
operation of the elevator system. 

The jacket material preferably has a high wear resistance and is resistant to 
cuts or tears so that abrasion of the belt assembly does not readily occur over the 
lifetime of the assembly. It is recognized that abrasion to the jacket contributes to 
induced vibrations and premature belt replacement and, therefore, a sufficient cut 
resistance or tear resistance is desired. 

An additional desired characteristic of the jacket material is to have an 
adequate tensile strength to carry the load between the cords 42 and the sheaves 
within the elevator system. Because the jacket material contacts the sheaves, the 
load upon the cords must be accommodated between the cords and the sheaves by 
the jacket material. 

Another characteristic of the jacket material that is preferred is a high 
hydrolysis resistance to avoid degradation of the jacket, which may otherwise occur 
because of the relatively high temperatures and relatively high humidity levels 
commonly experienced within an elevator hoistway. The material also preferably 
will not be adversely affected by other contaminants, such as lubricants, that may be 
encountered in some hoistways. It is also desirable to select a material so that 
ultraviolet radiation resistance is maximized. 

Given this description, those skilled in the art will be able to select a proper 
jacket material to suit the needs of their particular situation. 
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The jacket 44 establishes an exterior length, L, width, W, and a thickness, t, 
of the belt assembly 40. In one example, the width W of the belt assembly is 30 
millimeters and the thickness t is 3 millimeters. In the same example, the cords 42 
have a diameter of 1.65 millimeters. The cords 42 preferably extend along the entire 
length L of the assembly. 

The jacket 44 has exterior surfaces 46 and 48. At least one of the surfaces 46 
or 48 will contact sheaves and possibly other components within the elevator system 
as the belt assembly 40 moves to provide the desired elevator cab movement. The 
exterior surfaces 46 and 48 preferably both are smooth and uninterrupted along the 
length L of the belt assembly 40. The inventive assembly departs from prior designs 
where a plurality of spaced grooves are present on at least one of the exterior 
surfaces 46 or 48. Eliminating the grooves provides a substantial advantage in 
reducing vibration, noise or both during elevator operation as the belt assembly 40 
moves and contacts other components, such as sheaves, within the elevator system. 

The surfaces 46 and 48 preferably are parallel to each other along the entire 
length of the belt assembly. Maintaining parallel surfaces is important for ensuring 
proper tracking of the elevator belt along the sheaves in the elevator system. 
Accordingly, this invention includes maintaining specific dimensional tolerances of 
the belt exterior configuration or geometry. 

The cords 42 preferably are positioned within the jacket 44 so that the cords 
are completely encased by the jacket material. This provides better protection of the 
cords against corrosion and greater surface coverage and penetration of the cords 
with the jacket material. In prior designs, the portions of the cords at the groove 
locations were at least partially exposed and not fully covered with the material of 
the jacket 44. 
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[30] The cords 42 preferably are positioned within the jacket 44 so that a spacing 

between the cords and at least one of the exterior surfaces 46 or 48 remains 
generally constant or continuous along the length L of the assembly 40. Maintaining 
a spacing between the cords and the exterior surface 46 or 48 of the jacket 44 that is 
as constant or continuous as possible eliminates a potential source of vibration, noise 
or both during elevator operation. Maintaining a generally constant spacing 
provides more smooth elevator operation. Some variation in the spacing between 
the cords 40 and the surfaces 46 and 48 may occur during the manufacturing process 
but that preferably is limited or controlled as much as possible. Some variation 
along the length of the belt may be acceptable but that should not be repeated at 
recurring, relatively short intervals. 

y 

S| [3i] Tension on the cords 42 preferably is maintained as described below during 

IM* the belt making process to ensure that the cords 42 have a constant spacing from at 

f \! least one of the exterior surfaces 46 or 48. In many cases, the surfaces 46 and 48 are 

exactly parallel and the spacing from both surfaces is kept constant. 
[32] Figure 4 schematically illustrates a method of making a belt assembly 40 

designed according to this invention. A cord supply 50 provides the cords 42. In 
one example, the cord supply 50 comprises a plurality of spools containing the steel 
wire strands that are appropriately wound together to form the cords 42. The cords 
may be formed at the same facility as where the method of applying the jacket 44 is 
accomplished or the cords may be preformed and prespooled, depending on the 
needs of a particular situation. 
[33] It is common to have each cord pre-made and wound upon an individual 

spool. A single belt assembly may include twelve cords, for example. Accordingly, 
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the manufacturing process accommodates twelve individual cords wound on twelve 
individual spools at a beginning section of the manufacturing equipment. 

A positioning device 52 aligns the cords 42 in a desired alignment so that the 
cords will extend parallel to a longitudinal axis of the belt assembly 40. A 
tensioning device 54 controls an amount of tension on the cords 42 during the jacket 
application process. Although a single tension station 54 is schematically 
illustrated, multiple tension devices may be used along the assembly line of the belt 
assembly 40. For example, the same tension preferably is applied to the cords on 
both sides of the jacket application station 56. The tension station 54 preferably 
includes a suitably programmed controller that monitors and controls the tension 
within a desired range. 

More particularly, the tension on each individual cord preferably is 
maintained at a desired level throughout the process of making the belt assembly so 
that the belt configuration or geometry is controlled as much as possible. The 
tension on each individual cord may be different with respect to the other cords. In 
one example, a base tension of approximately 50 Newtons is placed on each cord 
and a sample belt assembly is made. The sample belt assembly preferably then is 
inspected to make sure that the geometry is as desired. If there are undesirable 
variations, such as a slight curvature, the tension on one or more individual cords is 
adjusted to address the undesirable belt geometry variation. By making several 
samples and taking measurements and making adjustments, the necessary individual 
cord tensions to yield the desired belt geometry can be determined. 

The tension on each individual cord preferably is significant enough so that 
the cord horizontal position (as seen in Figures 2, 3 and 5, for example) remains the 
same throughout the jacket application process. Because this invention includes 

8 




^^Docket No.: 60,469-054 

eliminating cord supports in the jacket application portion of the manufacturing 
process, the tensions used during the inventive process may need to be higher than 
those that were used in conventional techniques. 

Although not specifically illustrated, tension feedback devices (as known in 
the art) preferably are incorporated into the manufacturing equipment so that the 
tension on each individual cord can be monitored and adjusted as needed throughout 
the entire assembly process. 

The jacket application station 56 preferably includes a suitable mold or other 
device for applying the jacket material onto the cords 42. A supply 58 provides the 
chosen material to the jacket application station 56 in a conventional manner. The 
jacket material may be pressure molded, extruded or otherwise applied to the cords 
42. 

In one example, rollers 59 are included as part of or immediately after the 
jacket application station 56. The rollers 59 preferably are Teflon coated. The 
rollers 59 provide a surface treatment to the surfaces 46 and 48 of the belt assembly 
immediately after the application of the jacket material. The rollers 59 may provide 
an embossed pattern on the jacket surfaces, for example. The rollers 59 facilitate 
ensuring flat parallel surfaces 46 and 48. The rollers 59 preferably are included 
because the elimination of the cord supports as used in conventional equipment 
introduces a need for additional dimensional control. The rollers 59 provide such 
additional dimensional control. 

In the illustrated example, the rollers 59 are positioned on opposite sides of 
the belt assembly (although only one roller is visible in the illustration of Figure 4). 
The rollers 59 preferably extend across the entire width of the belt assembly for best 
dimensional control of the surfaces 46 and 48. 
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In one example, the rollers 59 are freewheeling and move responsive to 
movement of the belt assembly as it passes through the rollers. In another example, 
the rollers are motorized so that they move at a controlled rate. 

The formed belt assembly 40 preferably is then processed at a finishing 
station 60. In one example, the finishing station 60 includes a forming device, a 
dimensional inspection device and a curing cold water bath where the jacket 
material and the cords within the material are cooled to a suitable temperature. 

The finishing station forming device preferably includes a rigid structure that 
forces the jacket to have a desired exterior configuration. The inspection device, 
such as a known laser triangulation measuring device, determines whether the 
desired geometry was achieved. 

The resulting belt assembly 40 preferably is then stored at 62, for example on 
spools for shipment to various locations for installation in elevator systems. The 
belt assembly 40 may be precut to specific lengths or may be provided in larger 
quantities where a technician at the installation selects the appropriate amount of 
belt material for a particular application. 

Figure 5 schematically illustrates an example molding device 70 for applying 
the jacket 44 to the cords 42. Conventional arrangements include a plurality of cord 
supports, which cause the formation of grooves in at least one exterior surface on the 
belt assembly 40. Because this invention includes eliminating such grooves, a 
typical cord supporting arrangement having such cord supports preferably is not 
used. 

The example forming device 70 of Figure 5 includes a mold housing 72 
having an input side 74. A cord positioning device 76 preferably is situated at the 
input side 74. The cord positioning device 76 includes a plurality of openings 78 
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through which the cords 42 are fed into the device 70. The openings 78 preferably 
are accurately machined or otherwise formed so that a close tolerance is kept 
between the exterior of the cords 42 and the interior of the opening 78. Having a 
tight fitting between the openings 78 and the cords 42 prevents backflow of the 
jacket material during the molding process. 

The mold housing 72 includes one or more openings 79 through which the 
jacket material is applied to the cords using pressure injection. As known in the art, 
pressure injection can be used for molding materials such as polyurethane when the 
material is suitably heated. Given this description, those skilled in the art will be 
able to select appropriate conditions for achieving a desired result. 

The molding device 70 includes an opening 80 at an output side 82 of the 
mold housing 72. The opening 80 preferably is shaped to control the exterior shape 
and surfaces on the belt assembly 40. 

The opening 80 of the molding device 70 in the example of Figure 6 has a 
non-linear configuration along the portions of the opening that form the surfaces 46' 
and 48'. The non-linear configuration provides for differences in the thickness of 
the belt assembly as seen across the width. As can be appreciated from the 
illustration, the portions of the belt assembly corresponding to the locations of the 
cords 42 have a reduced thickness compared to the portions of the belt assembly 
where no cords are present. 

The varying, non- linear configuration of the surfaces 46' and 48' are 
designed to accommodate the variation in the amount of shrinkage across the width 
of the belt that will occur during the finishing and curing of the belt assembly. It is 
believed that the amount of shrinkage corresponds to the cross section of urethane 
jacket material. In the areas where the cords 42 are present, there will be less 
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shrinkage because of the presence of the cord material, which in some examples is 
steel. The portions of the belt assembly where cords are not present has a temporary 
greater thickness because there will be more shrinkage at those points of the 
assembly. 

[5i] Providing a variation in the thickness across the width of the assembly 

facilities achieving a final resulting flat, parallel alignment between the surfaces 46 
and 48. The type of configuration illustrated in Figure 6 is unique to the inventive 
approach to manufacturing a belt assembly. In prior processes, mold wheels were 
I included as part of the jacket application station. Such mold wheels operated to 

0 compress the jacket material into more of a flat configuration as part of the initial 

O cooling process. Therefore, the non-linear, varying thickness approach, which is 



W part of one example implementation of this invention, addresses the varying 

M 

amounts of shrinkage that occur during a curing process in a unique manner. 
[52] In one example, there is approximately a .05 to .10 millimeter variation in 

q the thickness of the jacket provided by the opening 80 of the molding device 

I* 

illustrated in Figure 6. The overall dimensions of a particular belt assembly, the 
dimensions of the cords and the chosen jacket material will dictate the particular 
thickness variation required for a particular situation. Given this description, those 
skilled in the art will be able to select appropriate dimensions to meet the needs of 
their particular situation. 
[53 /^ ' 7 ^N^e example, the selected jacket material is a waxless polyurethane. The 
polyurethane material used for the jacket in such an example does not include the 
wax additives normally added by polyurethane manufacturers. The owner of this 
application has a co-pending patent application on such an elevator belt assembly, 
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whii 




has serial number 



filed on 



The 



teachings ofthat specification are incorporated into this description by reference. 



When using a waxless polyurethane material, certain challenges are 
presented during the belt manufacturing process. Because the polyurethane material 
does not contain the normal wax additives, it is more challenging to ensure proper 
mold release. One example arrangement for addressing this situation designed 
according to this invention is schematically shown in Figure 5. A pre-cooling 
device 86 preferably is positioned near the opening 80 so that a cooling fluid, such 
as water or air schematically illustrated at 88, is applied to the mold or the just- 
formed jacket, or both, as the belt assembly exits the opening 80. The cooling fluid 
assists in at least slightly curing and shrinking the jacket material as it exits the 
molding device 70 so that it is more readily removed from the opening 80. 

The preceding description is exemplary rather than limiting in nature. 
Variations and modifications to the disclosed examples may become apparent to 
those skilled in the art that do not necessarily depart from the essence of this 
invention. The scope of legal protection given to this invention can only be 
determined by studying the following claims. 
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